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[57] ABSTRACT

A digital-to-analog converter of current segment type,
having a plurality of first variable current sources and a
second variable current source of the same structure as
the first variable current sources. The converter further
comprises a comparator. The comparator compares a
voltage corresponding to the output current of the sec-
ond variable current source with a reference voltage.
The difference between these compared voltages is used

to determine the output currents of the first variable
current sources.

6 Claims, 3 Drawing Sheets

VOUT



US. Patent May2,19%  Sheetiofs  4,827.260

VCC VCC

VO VOUT
RO R
A . -
VREF
FI1G. 1§
VCC VCC
0 BN
N Dt —{p2—[-a@1 D2~ q:
I (R L | — 10
co . Q2- ] Q2 a2’ |
VO - VOUT
“RO 2-R] '
I L

- VREF

FI1G. 2



US. Patent  May2,1989 Sheet 2 of 3 4,827 260

VCC _ VCC
I Qi
A | v Q‘l- Q1
— ot [ 7
. D2 n-1
QW _ | a3 @3 ¢ | a3
. h —~ _| S
. ——
Co ' [l LI/
7'\ Q2 | a2 Q2
b vouT
l “RO R}
VREF -
FIG &
VCC VCC
" o
N
Ale L -——-- - |10
CO_A AO A A A
VO sAs| I§VWs 3N T
e 1]
| | i VOUT
VREF ' "Rt



Sheet 3 of 3 4,827 260

May 2, 1989

| U.S. Patent

OO

QOA

IO

O Ol

G 9Old



4,827,260

1
DIGITAL-TO-ANALOG CONVERTER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a digital-to-analog
converter for converting digital signals to analog sig-
nals, and more particularly, to a digital-analog con-
verter for use in an apparatus, such as a video signal-
processing apparatus, in which signals must be pro-
cessed at high speed.

2. Description of the Related Art

Most video signal-processing apparatuses includes a
high-speed D/A (digital-analog) current-segment type
converter. This type of converter comprises a plurality
of constant current sources each having a switch con-
nected thereto. When the D/A converter is designed to
convert an n-bit digital signal to an analog signal, it then
comprises 2”—1 current sources and 27—1 switches.
This is because an n-bit digital signal is changed into 27
decoded outputs, and the current supply from all con-
stant current sources must be stopped when all bits of
the input digital signal are “0”.

The 27 —1 switches are selectively turned on in ac-
cordance with the results of the decoding of the digital
signal. Therefore, the value of the analog output of the
current-segment type D/A converter increases by the
output current of one current source when the content
of the input digital signal increases by one.

The full scale of the analog output of such a D/A
converter, i.e., the output range from the minimum
value to the maximum value, is determined by the struc-
ture of the device, or the output current values of the
current sources. Once the D/A converter has been
manufactured, its full-scale value cannot be altered.
Consequently, the use of the D/A converter is limited.

Since the output current of each current source
changes with variations in the ambient temperature

and/or the power-supply voltage, the analog output of

this type of D/A converter therefore tends to be unsta-
ble during operation. As a result, this D/A converter
can hardly achieve a high-accuracy D/A conversion of
signals.

SUMMARY OF THE INVENTION

Accordingly, it is the object of the present invention
to provide a D/A converter whose output full-scale
value can be easily altered, whose D/A-conversion
accuracy is not influenced by variations in the ambient
temperature and/or the power-supply voltage, and
which can therefore be versatile and accomplish high-
accuracy D/A conversion of signals.

According to this invention, there is provided a digi-
tal-analog converter comprising a digital-analog con-
verting circuit including a plurality of serial circuits,
each of which has a switch device and a first variable
current source capable of supplying currents of differ-
ent values, a second variable current source of substan-
tially the same structure as the first variable current
source, a current-to-voltage converting means for con-
verting the output current of the second variable cur-
rent source to a voltage corresponding to the output
current, and a comparator for comparing the output
voltage of the current-to-voltage converter with a ref-
erence voltage. The serial circuits are connected in
sertes to a plurality of current paths, respectively. These
current paths are provided between a power-supply
potential terminal and an output terminal. The digital-
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analog converting circuit converts an input digital sig-
nal to an analog signal as the switch devices are selec-
tively turned on in accordance, with the input digital
signal. The second variable current source is connected
at its one terminal to the power-supply potential termi-
nal. The difference between the voltages compared by
the comparator determines the level of the output cur-
rents of the first and second variable current sources.
Since the output of the comparator controls the out-
put current of the second variable current source such
that the voltage-generating element generates a voltage
equal to the reference voltage, the output current of the
second variable current source is sufficiently stable.
Such that the first variable current source is identical in
structure to the second variable current source, the
output current of the first variable current source there-
fore corresponds to the reference voltage. The D/A
converter of this invention can present an analog output
which is not influenced by variations in the ambient
temperature or in the power-supply voltage, and which
1s therefore stable. When the level of the reference
voltage 1s changed, the output current of the first vari-
able current source changes proportionally. Thus, the

full scale of the analog output of the D/A converter can
be easily changed to any desired value.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing a digital-analog
converter according to a first embodiment of this inven-
tion;

FIG. 2 1s a circuit diagram illustrating the digital-
analog converter of FIG. 1 in greater detail, in particu-
lar, showing the switch devices and the current sources
of the converter:

FIG. 3 1s a circuit diagram showing a modification of
the digital-analog converter shown in FIG. 2;

FIG. 4 1s a circuit diagram representing a digital-
analog converter according to a second embodiment of
the invention;

FIG. 5 is a circuit diagram showing a digital-analog
converter according to a third embodiment of the pres-
ent invention; and

FIG. 61is a circuit diagram illustrating a digital-analog
converter according to a fourth embodiment of the
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a D/A converter according to a first
embodiment of the invention. This D/A converter is a
current-segment type, designed to convert an n-bit digi-
tal signal to an analog signal, and, as is shown in FIG. 1,
comprises 2"—1 variable current sources A, and 27 —1
switch devices S connected in series to sources A, re-
spectively. Thus, variable current sources A and switch
devices S form 2”7 —1 series circuits. Each of these series
circuits is coupled between a power-supply terminal
VCC and an output terminal VOUT. Switch devices S
are selectively turned on or off by the outputs obtained
by decoding the n-bit digital signal input to the D/A
converter. Resistor R1'is connected at one end to vari-
able current sources A, and changes the output current
of each current source A into output voltage VOUT.
Resistor R1 can, however, be omitted, in which case the
output analog data of the D/A converter is then a cur-
rent. The D/A converter further comprises control
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circuit 11 for controlling the output currents 10 of vari-
able current sources A.

Control circuit 11 comprises a variable current
source A0, resistor R0, and voltage comparator C0.
Variable current source A0 is of the same structure as 5

variable current sources A, and along with resistor R0,

is connected in series between power-supply terminal
VCC and the ground. The potential V0 at the node of

current source A0 and resistor R0 is applied to the first
input terminal of voltage comparator C0, reference 10
voltage VREF being applied to the second input termi-
nal thereof.

FIG. 2 shows the above D/A converter in greater
detail. As is illustrated in this figure, each switch device
S is a P-type MOS transistor Q1, each variable current 15
source A is a P-type MOS transistor Q2, and the vari-
able current source A0 of control circuit 11 is also a
P-type MOS transistor, Q0. P-type MOS transistors Q0
and Q2 are both the same size and are formed on the
same semiconductor chip. Outputs D1 to D27—1 which 20
have been obtained by decoding the n-bit digital signal,
are supplied one to each of the gates of P-type MOS
transistors Q1. The gate of P-type MOS transistor QO0,
and the gates of P-type MOS transistors Q2 are coupled
to the output of comparator CO. Since P-type MOS 2>
transistor Q0 1s used as a vanable current source, a
reference voltage is applied to the inverting input of
comparator C0, with voltage V0 being applied to the
non-inverting input thereof. As a result, the current 10
which flows through transistor Q0 can be controlled so
as to maintain voltage VO equal to I-:eren-voltage
VREF, even if the ambient temperature or the power-
supply potential VCC change. Since V0=I10-R0, cur-
rent I0 is therefore given as follows: s

30

I0==VREF/RO

When k P-type MOS transistors Q1 are turned on in
accordance with the outputs obtained by decoding the
digital signal, output voltage VOUT is given as: 40

VOUT=k-I0-R1

Thus: VOUT=k-R1-VREF/R0

where 0 <k <27—1.

Therefore, the D/A converter can output the voltage 45
VOUT which is determined by reference voltage
VREEF and resistors R0 and R1 only, irrespective of the
current I0 flowing through transistor Q0 of control
circuit 11. In other words, the D/A converter can per-
form a stable digital-analog conversion, which is not 50
influenced by variations in the ambient temperature or
in power-supply voltage VCC. Furthermore, the full
scale of the analog output can be easily changed to a
desired value merely by altering reference voltage
VREF. 55

FIG. 3 illustrates a modification of the D/A con-
verter shown in FIG. 2. The D/A converter of FIG. 3
differs from the converter of FIG. 2 in two principal
respects. First, variable current source A0 comprises
two P-type MOS transistors, Q0' and QO0, connected in 60
series. Secondly, each variable current source A is made
up of two P-type MOS transistors, Q2 and Q3, again
connected in series. The gates of P-type MOS transis-
tors Q0 and Q2 are coupled to the output of comparator
C0, the gate and drain of P-type MOS transistor Q0’ are 65
connected to each other, and the node of the gate and
drain of transistor QO0’ is connected to the gates of P-
type MOS transistors Q3.

4

Since each variable current source has the specific
structure described above, P-type MOS transistors Q0’
and Q3 function as loads of P-type MOS transistors QO
and Q2. Therefore, the variable current source can
output a current more stable than the variable current
source used in the D/A converter shown in FIG. 2,

which includes only one transistor.
F1G. 4 shows a D/A converter according to a second

embodiment of the invention. This D/A converter has
two switch devices, S and S, connected to each variable
current source A. More specifically, one end of switch
device S is coupled to variable current source A, and its
other end is coupled to output terminal VOUT. One
end of switch device S is coupled to variable current
source A, and its other end to the ground. The 27—1
decoded outputs obtained by decoding an input digital
signal are supplied to the 27—1 switch devices S, re-
spectively, thereby turning on or off these switch de-
vices. These 27—1 decoded outputs are inverted by
inverters (not shown) and supplied to 27— 1 switches S,
respectively, thereby turning on or off these switch
devices. Hence, each variable current source A is al-
ways connected to either output terminal VOUT or to
the ground, regardless of the results of the decoding the
digital signal. The D/A converter of FIG. 4 can operate
at a speed higher than the D/A converter of the first
embodiment, in which some time elapses until the out-
put current of each variable current source increases to
a predetermined value.

- FIG. § illustrates a D/A converter according to a
third embodiment of this invention. This D/A con-
verter is designed such that it divides an n-bit digital
signal into two parts, the first part consisting of upper
a-bits, and the second part consisting of lower b-bits,
then converts these two parts of the digital signal to
analog signals. As is shown in FIG. §, this D/A con-
verter comprises two D/A converting sections, 12 and
13. Section 12 is used to convert upper a-bits to an
analog signal, while section 13 converts lower b-bits to
an analog signal.

D/A converting section 12 comprises 29—1 switch
devices S, 22— 1 variable current sources A, and control
circuit 11a. Switch devices S are turned on or off by
decoded upper a-bits. Variable current sources A are
connected to switch devices S, respectively, the output
current 10 of each source A being controlled by control
circuit 11a.

Similarly, D/A converting section 13 comprises
2b—1 switch devices S, 26— 1 variable current sources
A, and control circuit 115. Switch devices S are turned
on or off by decoded lower b-bits. Variable current
sources A of section 13 are also connected to switch
devices S, respectively, the output current 11 of each of
these sources A being controlled by control circuit 115.

Control circuit 11a comprises variable current source
AQ, resistor R0, and voltage comparator C0. Control
circuit 1156 comprises variable current source AO],
resistor RO1, and voltage comparator CO1. Resistor
RO1 is weighted such that its resistance is 2%RO.
Except for this point, control circuit 115 is identical in
structure to control circuit 11a.

The output current I0 of each variable current source
A of D/A converting section 12, and the output current
I1 of each variable current source A of D/A converting
section 13 are controlled to have values corresponding
to reference voltage VREF. The D/A converter of
third embodiment (FIG. 5) can, therefore, convert digi-
tal signals to analog signals with as high an accuracy as
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the D/A converters of the first and second embodi-
ments. In addition, it is possible with the D/A converter
of the third embodiment to set the full scale of analog
output to a desired value, merely by changing reference
voltage VREF. |

FIG. 6 shows a D/A converter according to a fourth
embodiment of the present invention. Like the D/A
converter shown in FIG. §, this D/A converter divides
an n-bit digital signal into two parts, the first consisting
of upper a-bits, and the second part consisting of lower
b-bits, and converts the two parts of the digital signal to
analog signals by means of D/A converting sections 12
and 13. This D/A converter is different in that circuit
115 comprises 2% current sources A01 connected in
parallel, instead of weighting resistor RO1.

More precisely, control circuit 11, which is de-

10

15

signed to control the output current I1 of each variable

current source of D/A converting section 13, com-
prises 2° variable current sources A01, resistor RO1,
and voltage comparator C01. Current sources A01 are
of the same structure as variable current sources A, and
resistor R0O1 is identical to resistor R0. Variable current
sources A01 are connected in parallel between power-
supply terminal VCC and resistor R01, and are con-
trolled by the output of voltage comparator CO01,
thereby to provide a current. Hence, control circuit 114
can set output current I1 of each variable current.
source A of D/A converting section 13 at a predeter-
mined valge.

Variable current sources A, A0, and A01 can each
comprise one P-type MOS transistor, as is shown in
FIG. 2, or two p-type MOS transistors, as is shown in
FIG. 3. Alternatively, they can each be formed of one
or two N-type MOS transistors, or of one or two bipo-
lar transistors.

Furthermore, in the first to fourth embodiments, out-
put resistor R1 can be dispensed with, in which case,
each analog signal is output in the form of a current,
thereby achieving the same advantages as in these em-
bodiments described above.

What is claimed is:

1. A digital-to-analog converter comprising:

a power-supply potential terminal;

an output terminal;

a digital-to-analog converting circuit connected to
receive a digital signal, and including a plurality of
serial circuits each of which has a switch device
and a first variable currents source which are con-

- nected in series between said power-supply poten-
tial terminal and said output terminal, the conduc-
tion states of said switch devices being determined
by the digital signal, whereby said output terminal
is supplied with an analog value corresponding to

the number of switch devices which are in conduc-
tive state; | |
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6

a second variable current source of substantially the
same structure as said first variable current sources,
and connected, at one end, to said power-supply
potential terminal;

current-to-voltage converting means for converting
the output current of said second variable current
source to a voltage corresponding to the output
current; and

comparator means for comparing the output voltage
of said current-to-voltage converting means with a
reference voltage, and controlling the output cur-
rents of said first variable current sources and the
output current of said second variable current
source, in accordance with the difference between
the reference voltage and the output voltage of said
current-to-voltage converting means.

2. A digital-to-analog converter according to claim 1,
wherein said first and second variable current sources
are MOS transistors of the same size and formed on the
same semiconductor chip, each having a gate coupled
to the output of said comparator means.

3. A digital-to-analog converter according to claim 1,
wherein said first and second variable current sources
each include two serially connected MOS transistors,
all said MOS transistors being formed on the same semi-
conductor chip and being the same size, the gate of the
first MOS transistor of each first current variable source
and the gate of the first MOS transistor of the second
variable current source being coupled to the output of
sald comparator means, the gate and drain of the second
MOS transistor of said second variable current source
being coupled to each other, the gate of the second
MOS transistor of each first variable current source
being connected to the node of the gate and drain of the
second MOS transistor of said second variable current
source.

4. A digital-to-analog converter according to claim 1,
wherein said switch devices each include a P-type MOS

transistor whose gate is connected to receive one bit of
the decoded digital signal.

S. A digital-to-analog converter according to claim 1,
wherein each of said first variable current sources is
coupled, at one end, to said power-supply potential
terminal, and at the other end, to one end of the corre-
sponding switch device, the other end of which is con-
nected to said output terminal, and also to one end of
another switch device, the other end of which is con-
nected to a ground terminal, said other switch device

being turned on or off by one bit of the decoded and
inverted digital signal.

6. A digital-to-analog converter according to claim 1,
wherein said reference voltage has a value correspond-
ing to the full scale of the analog output supplied from

said output terminal.
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